Product imaging of photodissociations and reactions of atmospherically important molecules by Houston, Paul L.
Final Report: 0852482
Page 1 of 5
Final Report for Period: 04/2010 - 03/2011 Submitted on: 04/13/2011
Principal Investigator: Houston, Paul L. Award ID: 0852482
Organization: GA Tech Res Corp - GIT    
Submitted By: 
Houston, Paul - Principal Investigator
Title:




Worked for more than 160 Hours: Yes
Contribution to Project: 
Name: North, Simon
Worked for more than 160 Hours: Yes
Contribution to Project: 
Collaborated on project resulting in publication  (From Texas A&M, Welch 
Foundation support.  Did not receive salary from project
Name: Hall, Gregory
Worked for more than 160 Hours: Yes
Contribution to Project: 
Collaborated on project resulting in publication (from Brookhaven, DOE 
support) Did not receive salary from this NSF project.
Name: Kable, Scott
Worked for more than 160 Hours: Yes
Contribution to Project: 
From U. Sydney, Australia; collaborated on project but did not receive 
any salary from NSF sources.
Name: Stranges, Domenico
Worked for more than 160 Hours: Yes
Contribution to Project: 
From University of Rome 'La Sapienza'; collaborated on project but did 
not receive any salary from NSF grant.
Name: Chen, Jun
Worked for more than 160 Hours: Yes
Contribution to Project: 
Dr. Chen is a research scientist helping to run the group.  He is working part time on this project but supported from other funds.
Name: Bowman, Joel
Worked for more than 160 Hours: Yes
Contribution to Project: 
Collaborated on Allyl papers but did not receive salary from this project
Post-doc
Name: Kim, Hahkjoon
Worked for more than 160 Hours: Yes
Contribution to Project: 
Final Report: 0852482
Page 2 of 5
Collaborated on project resulting in publication (From Texas A&M, Welch 
Foundation Support); did not receive any salary from NSF project
Name: O'Keeffe, Patrick
Worked for more than 160 Hours: Yes
Contribution to Project: 




Worked for more than 160 Hours: Yes
Contribution to Project: 
Collaborated on project resulting in publication (From Texas A&M, Welch Foundation Support)
Name: Davis, Eric
Worked for more than 160 Hours: Yes
Contribution to Project: 
From Cornell, NSF support from this grant
Name: Tokel, Onur
Worked for more than 160 Hours: Yes
Contribution to Project: 
From Cornell, NSF support from this grant
Name: Kelleher Ulrich, Clarice
Worked for more than 160 Hours: Yes





Research Experience for Undergraduates
Organizational Partners
The Texas A&M University System
Three people from Texas A&M worked collaboratively on a paper jointly authored by the PI and others
Brookhaven National Laboratory
One person from BNL worked collaboratively on a paper co-authored by the PI and others
University of Rome
Two people from the University of Rome 'La Sapienza' worked collaboratively on a paper co-authored by the PI and these two people
University of Sydney, Australia
One person from the University of Sydney, Australia co-authored a paper with the PI
Emory University
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Joel Bowman and other members of his group collaborated on the Allyl 
papers.
Other Collaborators or Contacts
No other collaborations
Activities and Findings
Research and Education Activities:
One published paper in the general area of photodissociation, 
photoionization dynamics.  One invited talk at the Dynamics of Molecular 
Collisions conference (July, 2007).  Ongoing progress on the reactions 
of O(1D) with N2O.  Invited talk at Gordon Research Conference on Atomic 
and Molecular Interactions (July, 2008).  Invited talk at the ACS 
meeting in Washington (August, 2009).  Invited talk to take place at 
Emory University (May, 2010).  Invited talk at the Workshop on 'Roaming 
Radical and Multiple Mechanism Reactions,' Argonne National Laboratory 
(April, 2010). Invited talk at  Stereodynamics Conference (11/10)
Findings: (See PDF version submitted by PI at the end of the report)
Discovered that dissociative ionization of I2 leads to high-n Rydberg 
states of the iodine fragment

We have observed highly vibrationally excited NO produced in the 
reaction of O(1D) with N2O.  The attached findings file summarizes our 
results.

We have observed and characterized the methyl elimination channel in 
allyl dissociation and discovered that vinylidene ia an intermediate
Training and Development:
Trained two graduate students at Cornell University

Established research group at Georgia Institute of Technology 
following move from Cornell University

Laboratory has been moved to Georgia Tech, along with a research 
associate and four graduate students.  One Georgia Tech student has 
joined the group to date.

Two students are writing their theses and are defending on May 12 and 
13, 2011.
Outreach Activities:
Spoke at Siemens Science Regional Awards Dinner, honoring high school regional winners (Nov., 3, 2007)

Spoke at Georgia Tech High School Math Competition (Feb. 28, 2009.
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Journal Publications
Hahkjoon Kim, Kristin S. Dooley, Simon W. North, G. E. Hall, and P. L. Houston, "Anisotropy of photofragment recoil as a function of
dissociation
lifetime, excitation frequency, rotational level and rotational
constant", Journal of Chemical Physics, p. 133316, vol. 125, (2006). Published, 
P. L. Houston and S. H. Kable, "Photodissociation of acetaldehyde as a second example of the roaming mechanism", Proc. Nat. Acad. Sci., p.
16079, vol. 103, (2006). Published, 
P. O'Keeffe, D. Stranges, and P. L. Houston, "Neutral photodissociation of super-excited states of molecular iodine", Journal of Chemical
Physics, p. 144309, vol. 127, (2007). Published, 10:1063/1.2777160
Paul L. Houston, "Product angular and alignment distributions in photodissociation from Rydberg states: NO, O2, and N2O", in Vector
Correlation and Alignment in Chemistry, G. G. Balint-Kurti and M. P. de Miranda (eds.) (Collaborative Computational Project on Molecular
Quantum Dynamics (CCP6), 2005, Daresbury Laboratory, UK)., p. 23, vol. none, (2005). Published, 
Stranges, D; O'Keeffe, P; Scotti, G; Di Santo, R; Houston, PL, "Competing sigmatropic shift rearrangements in excited allyl radicals",
JOURNAL OF CHEMICAL PHYSICS, p. , vol. 128, (2008). Published, 10.1063/1.290771
C. Chen, B. Braams, D. Y Lee, J. M. Bowman, P. L. Houston, and D. Stranges, "Evidence for Vinylidene Production in the Photodissociation
of the Allyl Radical,", JPC Letters, p. 1875, vol. 1, (2010). Published,  
O. Tokel, J. Chen, C. K. Ulrich, and P. L. Houston, "The O(1D) + N2O reaction: NO vibrational and rotational distributions", Journal of
Physical Chemistry A, p. 11292, vol. 114, (2010). Published,  
C. Chen, B. Braams, D. Y Lee, J. M. Bowman, P. L. Houston, and D. Stranges, "The Dynamics of Allyl Radical Dissociation", Journal of
Physical Chemistry A, p. , vol. , (2011). Accepted,  
Books or Other One-time Publications






A computer program is provided that accompanies one of the journal articles that we published
Other Specific Products
Contributions
Contributions within Discipline: 
A better understanding of photodissociation dynamics has been provided, specifically concerning production of Rydberg states of atoms in
dissociative ionization events.

This work has been presented at a National meeting (Dynamics of Molecular Collisions)
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Contributions to Other Disciplines: 
 
Contributions to Human Resource Development: 
Two graduate students have been trained for one year each.  One should graduate in 2009, another in 2010
Contributions to Resources for Research and Education: 
 
Contributions Beyond Science and Engineering: 
 
Conference Proceedings
Categories for which nothing is reported: 
Any Product
Contributions: To Any Other Disciplines
Contributions: To Any Resources for Research and Education








NSF Progress Report, Mar. 31, 2010
Paul L. Houston, Principal Investigator
The major focus of our effort during the past year is on the details of the reaction between
2O( D) and N O:
1
2 2 2O( D) + N O  6 N  + O k = 4.9 x 10  cm  molec  s (1a)
1 -11 3 -1 -1
  6 NO + NO k = 6.7 x 10  cm  molec  s (1b)-11 3 -1 -1
These reactions increase in rate as the relative velocity between the O( D) and reactant1
2decreases.  The reaction between O( D) and N O is important because the branching ratio
1
2between the two channels is fundamental to the steady-state concentration of ozone.  N
2and O  are normal major constituents of the stratosphere, so reaction to this channel is
neutral to the concentration of ozone.  Production of 2 NO molecules, however, decreases
ozone because NO is a catalyst in a scheme which converts two ozone molecules to three
molecules of oxygen. 
There is considerable uncertainty concerning the vibrational distribution of the NO
products from reaction (1b).  Brouard et al.  reported the stereochemistry of the reaction1-2
by probing NO in v=15 and 16.  Akagi et al.  reported that two different NO molecules3-4
2were formed, a “new” one from the abstraction of an N atom by O( D) from N O and the
1
other from the “old” NO left behind.  The new NO had a peak in the vibrational
distribution at high vibrational levels, whereas the old one peaked at v=0.  Pisano, Westley,
and Houston reported in 2000 that the distribution ranged from v=0 to v=12 and that it
peaked at v=7.   Hancock and Haverd looked at time resolved infrared emission of NO(v=1-5
14) and concluded that the vibrational distribution was monotonically decreasing from a
maximum population at v=0 or 1.   Thus it is unclear what the vibrational distribution6
actually is and why so many measurements differ from one another.
All attempts to measure the rotational distribution find that it is very hot.  Kawai et al.7
report temperatures up to 20,000 K, while Tsurumaki et al.  found 10,000 K.8
We have examined the vibrational and
rotational distribution of the NO
produced in (1b) by using a single beam
of our apparatus, which is shown in Fig.
3 21.  A mixture of O  (1%) and N O (6%)
seeded in He (-78 C, backing pressure 2
psi) was expanded
supersonically through a 500 mm
diameter nozzle, and collimated with a
500 mm diameter skimmer, at 2 cm
distance from the nozzle.  Two counter-
propagating laser beams intersect the
molecular beam at right angles, in the Figure 1 Schematic of Apparatus
center of repeller and extractor electrodes and 7 cm from the nozzle. One laser dissociates
3the O  molecules to generate O( D) atoms, and the other state-selectively ionizes the
1
2resulting NO(X A) molecules from the O( D) + N O 6 2 NO(X A) . The ion cloud is then
2 1 2
extracted through an optimized velocity-map spectrometer onto a gated dual micro-channel
plate coupled to a fast phosphor screen (Galileo, P-47) at the end of the TOF tube.  The ion
intensity was measured with a PMT (Thorn EMI) and passed to a computer, where a
boxcar records the NO signal.
3The O  molecules are dissociated by the linearly polarized 266 nm laser light, generated by
the fourth harmonic of a Nd-YAG laser (Spectra-Physics GCR-6) operating at 10 Hz. 
Typical energies were 5-6 mJ/pulse. The laser beam size was cut to 5 mm, which gave the
maximum signal to noise ratio under our detection conditions. The polarization axis is
vertical to the plane defined by the molecular beam and the 266 laser direction.
The O( D) ions created by 203.7 nm 2+1 REMPI processes, were used to check the1
molecular beam properties (and as a precursor to the reaction).  The 203.7 nm light was
generated by doubling the output of a Nd-YAG (Spectra-Physics GCR-270) pumped dye
laser (PDL-2) in a KDP crystal, and then summing the fundamental with the doubled light
in a BBO crystal.  Typical powers were 0.9 mJ/pulse at 10 Hz.
NO molecules were state-selectively detected by 1+1 REMPI processes.   The tunable NO9-10
molecule 220-246 nm probe laser light was generated by doubling the output of a Nd-YAG
(GCR-230) pumped Scanmate OPPO laser (Lambda Physik). The probe laser polarization is
the same as that of the 266 nm laser.  In order to generate the appropriate light three
types of dyes were used, i.e. Coumarin 450, 460 and 480.  Typical energies were 0.9-1 mJ or
0.5-0.6 mJ/pulse.  Energies of both lasers were monitored before and after each scan. The
energy levels were chosen so that the NO ion signal never saturates.
                  Figure 2
2Figure 2 shows the 1+1 REMPI spectra of NO(X A) from O( D)+N O 6 2 NO(X A) reaction.
2 1 2
A 7  X (0,2) ; (1,3); (2,5); (4,7) band features span the whole range.  (5,8) bandhead and
(1,3) band origin are also shown.  The upper plot shows the data, while the lower one is the
rotsimulation with T  =4500 K.
LIFBASE  and Pgopher11 12
software were used to analyze
the spectrum of Figure 2. 
Figure 3 shows the vibrational
energy distribution obtained for
the reaction.  Levels where
there are more than one
measurements are based on
different bands in the spectrum. 
It is clear that there is a peak
in the distribution near v=5.  
We are currently working to try
to understand the relationship
of this measurement to others
mentioned in the introduction.
Another avenue of research has also proven successful.  We are monitoring reaction (1a) by
2monitoring the vibrational and rotational distribution of the N  product using REMPI. 
Although there is considerable background at a mass of 28, we are hopeful that we can
2correct this problem to determine the energy disposal into the N  product.
In summary, substantial progress has been made on both branches of the reaction between
2O( D) and N O.  Reports are in preparation and should be submitted for (1b) this spring.
1
In another line of research, we have investigated the photodissociation of the allyl radical
both experimentally, using product imaging, and theoretically, using trajectory calculations
on an ab initio potential energy surface.  This paper is now being prepared and will be
described in our next report.  A talk on this work will be presented at a workshop at
Argonne National Laboratories this April.
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